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Design and analysis of disturbance rejection PID control for the rotary
inverted pendulum system based on differential flatness theory
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Abstract : Considering an unstable and under-actuated two-degree-freedom rotary inverted pendulum system, this article proposes a
double closed-loop disturbance rejection PID control method based on differential flatness theory. Firstly, a nonlinear dynamic model is
formulated for the rotating inverted pendulum. The unstable zero-dynamics and non-minimum phase properties have been analyzed by the
approximate linearization method. Then, the differential flatness theory is used to design flat output and derive state reconstruction. The
relationship between the flat state and the angle out is established. In this way, the non-minimum phase can be removed by flatness
transformation. The disturbance rejection PID control is developed for the designed flatness system with a dual closed-loop and the
bandwidth tuning method is also derived. The two angles of the rotary inverted pendulum are controlled precisely based on active
disturbance rejection mechanism. Finally, simulation and experiment are implemented to illustrate the effectiveness of the proposed
method, which provides a simple and robust control scheme for underactuated systems.

Keywords : rotary inverted pendulum; differential flatness; unstable zero-dynamics; disturbance rejection PID; under-actuated

JErE, PR, XHEI SRR G R A R R g A Y
HE R SCRIN M E.,
R TR ) 7 42 2R G A AR s AN s ) )

0 3

T

IR RSl — BRI P il A5 ) R IR, i
A& BUREERI IS ST, BB AL T —Se 28 1 R 3R S
PERRGERIT IR e (8 S 2R — S AR R IR 5l R
gt, BAARLNE SRR A BN E SERE, WO T AR
IR IR S PR FEE S S PERERAIE . VR AR Z LA B (Y
JERYZRGE , e B S AR 1 1 05 VA AR A B R AR AN 31

S H 1. 2022-05-15 Received Date; 2022-05-15
w FEATH ARAE A RBEIE4: (2019]01053,2022)01295) 151 H %2

S S R AN IR U= G S I
(LADRC)" | F1 38 IO i 28 19 241 B pR e o) 19000 4
1A FELMERFTE D, R BRI TR 3 )
FIEBSGLAMEA RE, TT B R A G R E AT T
PERESI T YA, MELUE T S2 PR TR . X T hehe
B ARX — B IR RGN, LRI R



559 1] [

25 RTS8 AR e (80 S A2 AU AT BRI PID 4 1 285

Hit PID(DR-PID ) /& — & 3T A Hrft 45 il Jt 2 1)
Jeitk PID #5073k R T PID # il #8 h 4 & 19 3230
PrdtIR L, BZE iR 20K s T, PID #5128 AE LA B
AR 7 AL T I AME R GE s AT 2 B R 25 BT LR
Wk, BA RAFryEGla T, i, 454 DR-PID &
B — W H S | = RS e 8] 7 4R 4 i
[ B 5 R 3R 8 (A AN o PR S

BSER G BA A RE F B R/ MAGLRE,
HCRz R A PR 5 R SRR E T S e TR I S
JET 10 LR LA S Bt R Ak 5 T 3 2 s o 4 D =X
PRT-FEWIMERE, T B A PIME X AT, B P
(differential flatness) £ A FEAE T — ik 1 1 1) fige pke
%, DA i) Jy 2, va IR 5 R Ge AR S/ MR R
SN AT REURS 58 2354

ACETEIIERGE WAL EBARL, 538 T REM
ANF e B A S AR S5/ N A R 5 R R B0 30 ik
THFRG RIS SRS ER, DL RES 18R 5 m Ak
e/, (A N7 43 0 B AT A Rl Sk T B 5
XIS 0 R G, iR T DR-PID (% 3P R4 1l
fr, LHL TR RG], KiERT T RGN &5
PEFIHT L RE

1 REEB SRS

1.1 REEBRSH

B 1 PR —28 = 3 R AR ST 45, PR e | R
T TR A v 1 305 SHAZEAT LA BT S e 5% sh i Fa pIL 3 35
SYE, Fod, ¢ AL R, 0 R e AL ES,
& NIEFFAOIR, 1, IR EE, 1 AR B0 2 e
B, omy ABERFE G, m, NIEFFE R, [ NIER iR
i, 1 N S, ¢ WE TN . REEASEL
M 1 R,

BT el s 4

Fig. 1 Schematic diagram of the rotary inverted pendulum
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Table 1 Parameters of the rotary inverted pendulum
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1,/m 0. 069 1,/ (kg-m*) 0. 000 671
my/kg 0.191 g/(m-s?) 9.81
m,/kg 0. 141
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Fig. 2 Double closed-loop DR-PID control structure diagram of the differential flat system
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